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Abstract: In insects, nodulation is the first step in cellular defense reactions to bacterial, fungal, and some viral infections.
The hypothesis was posed that the hemipteran pest E. integriceps produces melantoic nodulation reactions to bacterial
challenge and that eicosanoids mediate these reactions. Treating the adult of E. integriceps with Serratia marcescens
induced nodulation reactions in a challenge dose-dependent manner. Injecting the adult E. integriceps with eicosanoid
biosynthesis inhibitors, immediately before intrahemocoelic injections of the bacterium Serratia marcescens, sharply
reduced the nodulation response to bacterial challenges. Separate treatments with specific inhibitors including
dexamethasone (a phospholipase A2 inhibitor), indomethacin, naproxen, ibuprofen, piroxicam (cyclooxygenase
inhibitors), esculetin (a lipoxygenase inhibitor), and phenidone (dual cyclooxgenase/lipoxygenase inhibitor) also impaired
the ability of E. integriceps to form nodules in reaction to bacterial challenge. The inhibitory influence of ibuprofen was
apparent within 30 min after infection, and nodulation was significantly reduced, relative to control insects, over the
following 4 h. Increasing ibuprofen dosages were associated with decreasing nodulation activity. The dexamethasone
effects were reversed by treating bacteria-injected insects with the eicosanoid-precursor polyunsaturated fatty acid,
arachidonic acid. These findings support the hypothesis that eicosanoids also act in nodulation reactions to bacterial
infections in the hemipteran pest E. integriceps.
Key words: Insect cellular immunity, nodulation, E. integriceps

Süne, Eurygaster integriceps erginlerinin Serratia marcescens bakteriyal
infeksiyonuna karşı oluşturduğu nodül oluşum reaksiyonunda eikosanoitlerin önemi
Özet: Nodülasyon reaksiyonu bakteri, fungus ve virüs infeksiyonlarına karşı böcekleri koruyan ilk hücresel reaksiyondur.
Yapılan bu çalışmada yeni nesil süne erginlerine şırınga ile eicosanoid biyosentezini engelleyen kimyasal maddeler enjekte
edildikten sonra aynı erginlere bakteri, Serratia marcescens, şırınga ile infekte edilmesi bu böceklerde nodül oluşumunu
önemli derecede azaltmıştır. Bunun yanı sıra yine eikosanoit biyosentezi oluşması aşamasındaki enzimleri (fosfolipaz
A2, siklooksijenaz, ve lipoksijenaz) engelleyen kimyasal maddeler (deksamethazon, indomethasin, naproksen, ibuprofen,
piroksikam, eskuletin ve Fenidon) erginlere enjekte edildiğinde, bakteri infeksiyonuna karşı oluşan nodülasyon bu
böceklerde önemli ölçüde azalmıştır. Eikosanoit biyosentezini engelleyen kimyasal maddelerden ibuprofen’nin eikosanoit
biyosentezini engelleme etkisinin 30 dakika içerisinde gerçekleştiği ve nodulasyon sayısının, kontroldeki böceklere göre
önemli ölçüde azaldığı ve bu etkinin yaklaşık 4 saat devam ettiği saptanmıştır. Ayrıca İbuprofen ile doza bağlı yapılan
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denemelerde artan ibuprofen dozuna karşı ergin böceklerde azalan nodül sayısı tesbit edilmiştir. Deksamethazon’un
nodül oluşumu üzerine engelleyici etkisi eikosanoid substratı olan doymamış yağ asidi arakidonik asit uygulanması ile
ortadan kaldırılmıştır. Bu bulgular Hemiptera takımında yer alan sünede de bakteriyal infeksiyonlara karşı oluşturulan
hücresel bağışıklardan nodül oluşumu reaksiyonunda, eikosanoitlerin önemli bir yer aldığı hipotezini doğrulamıştır.
Anahtar sözcükler: Böcek hücresel bağışıklığı, nodül oluşumu, E. integriceps

Introduction
Insects posess immunity to infections that fall into
2 categories: humoral and hemocytic (1,2). Humoral
reactions take several hours to be fully expressed, and
they involve induced synthesis of antibacterial
proteins, such as cecropins, attacins, diptericins, and
defensins (3,4). In the presence of these proteins
because of the detergent properties of peptides
bacteria lose their cellular integrity. Insects also
synthesize lysozymes, which enzymatically attack
bacteria by hydrolyzing their peptidoglycan cell walls
(5,6).
Hemocytic immune reactions involve direct
interactions between circulating hemocytes and the
infecting microbes (4). These immune functions are
well known and the contemporary research frontiers
reveal information on the signal mechanisms
responsible for mediating and coordinating insect
immunity. Cellular immune reactions include
phagocytosis, nodulation, and encapsulation. In
insects, nodulation is the predominant cellular
defense reaction to bacterial infection (4).
Eicosanoids are produced by enzymatic
oxygenation of arachidonic acid (AA) and 2 other C20
polyunsaturated fatty acids. The 2 major groups of
eicosanoids are prostaglandins and many
lipoxygenase products. Virtually all animals are
thought to biosynthesize a wide range of eicosanoids,
which serve in a large (but unknown) number of
molecular, physiological, and ecological actions (2).
Among their important biological actions,
eicosanoids are involved in several aspects of insect
immunity.
Miller et al. (7) proposed that nodulation reactions
to bacterial infection are mediated by eicosanoids.
This eicosanoid hypothesis has been tested on over 20
insect species, in several laboratories (4). There have
been studies about eicosanoid mediated cellular
immune reactions to immune challenge in juvenile
and adult representatives of 9 lepidopteran species (7302

15), 2 coleopteran species (16,17), 3 dipteran species
(18-20), 2 hymenoptera species (21,22), 5 orthopteran
species (23-27), 3 homopteran species (28,29), and
only 1 hemipteran species (30). These studies show
that eicosanoid biosynthesis inhibitors can inhibit the
nodulation response to bacterial and other infections.
These indicate that eicosanoids may play an
important role in insects' cellular immunity. Only
Rhodnius prolixus (30) has been reported on
micoaggregation reactions (early form of nodulation)
induced by protozoa in Hemiptera. Here it was
demonstrated that, by treating adults of E. integriceps
with Serratia marcescens, E. integriceps adults formed
hemocytic nodules in response to bacterial infection
and this anti-bacterial nodulation response was
mediated by eicosanoids. To the best of my
knowledge, this paper describes, for the first time, the
nodulation induced by bacteria in Hemiptera.
Materials and methods
Organisms
The new generation of sunn pest adults, E.
integriceps, were collected from wheat fields in
Kahramanmaraş in Turkey. The adults were
maintained in a container at room temperature on a
laboratory bench.
The pathogen used was a non-pigmented strain of
an entomopathogenic bacterium, Serratia marcescens
(31). The bacteria were grown in 50 mL of nutrient
broth in an environmental horizontal shaker at 37 °C
and 100 rev/min. The bacteria were freeze-dried, and
when needed the material was taken up into sterile
distilled water for injection into adults of the sunn
pest.
Injections and assays for nodulation
The protocols formalized by Miller and Stanley
(31) were followed. Sunn pest adults were injected
with either the phospholipase A2 (PLA2) inhibitor
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dexamethasone {(11β, 16α)-9-fluoro-11,17,21trihydroxy-16-methylpregna-1,4-dione}, one of the
cyclooxygenase inhibitors, ibuprofen {a-methyl-4(2methylpropyl) benzeneacetic acid}, indomethacin {1P-(chlorobenzyl)-5-methoxy-2-methyl-3-indolyl-acet
ic acid}, naproxen {O-2-(6-methoxy-naphthyl)
propionic acid}, or piroxicam {3,4-benzothiazine-3carboxamide 1,1-dioxide}, the dual cyclooxygenase
and lipoxygenase inhibitor phenidone {1-pheny-3pryazolidinone}, or the 5- and 12-lipoxygenase
inhibitor, esculetin {6,7-dihydroxycoumarin} (all
inhibitors purchased from Sigma Chemical Co.). In
rescue experiments, sunn pest adults were also
injected with arachidonic acid {5,8,11,14eicosatetraenic acid}, purchased from Sigma. Control
insects were injected with 70% ethanol. Drugs and
control substances were injected into the opposite side
of the abdomen using a 10 μL Hamilton 701 microsyringe. All injections of pharmaceuticals were given
in a standard dosage of 52 μg in 4 μL of ethanol,
except in dose-response experiments. Before being
injected, sunn pest adults were surface sterilized by
swabbing their cuticle with 70% ethanol.

study. Adults were anesthetized on ice for 5 min and
then nodulation was assessed. To determine the
influence of the drug vehicle, ethanol, on the nodule
formation, 8 adults were injected with 4 μL of ethanol.
Nodulation was assessed 4 h post injection (hpi),
following the same protocol. To assess the effect of
ibuprofen on nodulation in unchallenged sunn pest
adults, a standard dosage (52 μg) of ibuprofen in 4 μL
ethanol was injected into 8 adults. Nodulation was
assessed by standard methods 4 hpi. Following a
standard protocol, injection of 5 μL of sterile distilled
water into 8 sunn pest adults was used as the control
for nodulation.

Immediately after the drug injections, sunn pest
adults were infected by injecting 50 μg of the freezedried bacterial preparation, made up in 500 μL sterile
distilled water, into each adult, according to the
injection protocols of Miller and Stanley (31). Bacteria
were injected in 5 μL aliquots, using an insulin
syringe.

Two groups of individual sunn pest adults were
injected with ethanol or with 52 μg of ibuprofen. The
adults were immediately injected with bacteria as
described. At 0.5, 1, 2, and 4 hpi, sub-groups of
control and experimental insects were anesthetized;
then nodulation was assessed.

Nodulation was assessed at selected times after
injections. Sunn pest adults were anesthetized by
chilling on ice, and then their hemocoels were
exposed. Melanized, brownish black nodules were
counted under a stereomicroscope at 45×. The
nodules were distinct, and direct counting reliably
reflected the extent of the nodulation response to
infections (23,31). After the first counting, the
alimentary canal was removed. Nodules in the
previously unexposed areas and remaining internal
tissues were then counted.
Control Experiments
To determine the level of the background
nodulation in adults of the sunn pest, several control
experiments were conducted. To record the
nodulation in unchallenged adults, sunn pest adults
were taken from the culture at various times in this

Dose-response curve for freeze-dried bacteria
The frieze-dried bacterial preparations were made
up in 500 μL of sterile distilled water in 3
concentrations, 0.5, 5, and 50 μg in 5 μL aliquots per
injection for each adult. Sunn pest adults were
anesthetized, sterilized, and injected as described.
Nodulation was assessed 4 hpi.
Time course of nodulation: Influence of
ibuprofen

Influence of other eicosanoid biosynthesis
inhibitors on nodulation
Sunn pest adults were divided into 2 groups.
Individuals in each group were injected with either
the cyclooxygenase inhibitors indomethacin,
naproxen, ibuprofen, or proxicam and the dual
cyclooxygenase and lipoxygenase inhibitor
phenidone, or the lipoxygenase inhibitor esculetin, all
in standard dosages of 52 μg in 4 μL of ethanol.
Control insects were injected with 4 μL of ethanol.
Following injections, sunn pest adults were infected
with a standard dosage of bacteria as described. At 2
hpi, sunn pest adults were anesthetized and
nodulation was assessed.
Dose-response curve for ibuprofen
In 4 groups of individual sunn pest adults were
injected with 4 μL of ethanol or 0.52, 5.2, or 52 μg of
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ibuprofen in 4 μL of ethanol, and then infected with a
standard dosage of bacteria. At 2 hpi, sunn pest adults
were anesthetized, and nodulation was assessed.

nodules/adult. By comparison, infections with the
highest dosage of freeze-dried S. marcescens resulted
in about 81 nodules per adult.
Dose-response curve for S. marcescens

Fatty acid rescue experiment
In 2 groups of E. integriceps adults, individuals
were injected with either 4 μL of ethanol or 52 μg of
dexamethasone in 4 μL of ethanol and then infected
with bacteria as described. Immediately after
infection, the dexamethasone-treated E. integriceps
adults were divided into 2 sub-groups. Individuals in
one sub-group were treated with 5 μg arachidonic acid
in 5 μL of ethanol. Another sub-group was treated
with 5 μL of ethanol to control the effects of the extra
injection on nodulation. At 2 hpi, E. integriceps adults
were anesthetized and nodulation was assessed.
Statistical Analysis
Data were analyzed using the general linear
models procedure, and mean comparisons were made
using a least significant difference (LSD) test (P ≤
0.01) (SAS Institute Inc.) (32).

The table displays the results of several control
experiments. About 0.06 nodules/adults (n = 8 adult)
were recorded in untreated insects taken directly from
the culture. About 6 nodules/adult of the sunn pest
injected with ethanol, and 7 nodules/adult of the sunn
pest injected with ibuprofen were observed. Injections
with sterile distilled water resulted in about 3
Outcomes of background control experiments. Insects
were treated as specified in the left column, and
nodulation was assessed at 2 hpi as described in
materials and methods. Means with same letter are not
significantly different from each other (LSD, P ≤ 0.01).

None (untreated)
Vehicle (ethanol only)
Ibuprofen only
Distilled water only
Injection wound
Bacterial challenge (50 μg)
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Figure 2 shows the time course of visible nodule
formation in the 2 groups of the sunn pest adults,
experimental and control. The ibuprofen-treated
adults formed about 10 nodules/insect at 0.5 hpi,
which increased to 15 at 4 hpi, whereas the ethanoltreated control adults produced significantly more
nodules at each time marker, from 13 nodules at 0.5
hpi to 81 at 4 hpi (LSD, P ≤ 0.01).
Influence of other eicosanoid biosynthesis
inhibitors on nodulation

Nodules per larvae
(Mean ± SEM)
0.0625 ± 0.263a
6.375 ± 1.46a
7.375 ± 1.73a
3.25 ± 0.7a
0.625 ± 0.26a
81.125 ± 5.8b

100
d
80

Number of nodules

Control experiments

Treatment

Time course of nodulation

The influence of 7 pharmaceutical inhibitors of
eicosanoid biosynthesis on nodulation in response to
bacterial infections was assessed. Figure 3 shows that,

Results

Table.

It was recorded that increased nodulation
occurred with increased doses of the freeze-dried
bacterial preparation, from approximately 21
nodules/insect at the lowest dose to approximately 82
nodules/insect at the highest dose (Figure 1).

60
c
40
b
20
a
0

0

0.5
5
Freeze-dried bacteria (µ
μg)
µ

50

Figure 1. The influence of different bacterial concentrations on
nodulation reactions in adults of E. integriceps. The
adults were challenged with injection of the indicated
dosages of bacterial solutions. Then nodulation was
recorded at 4 hpi. Each point indicates the mean number
if nodules found in each insect (n = 8 individuals), and
the error bars represent ± SEM. Means annotated with
a different letter are significantly different from each
other (LSD, P ≤ 0.01).
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Dose-response curve for ibuprofen

100
EtOH + bacteria
c

The relationship between the ibuprofen dosage
and number of nodules formed in response to
bacterial infections is shown in Figure 4. The figure
indicates reduced nodulation with 10-fold increases
in ibuprofen dosages. Nodulation declined from about
70 nodules/adult in ethanol-treated control E.
integriceps to about 12 nodules/adult in E. integriceps
treated with the highest ibuprofen dosage.

c

Number of nodules

80
60
b

40

Ibu + bacteria

a

20

a

0

0.5

a

a

a

1

2

4

80

Time (h)

a

Figure 2. Time course of nodulation in adult E. integriceps in
response to infections with S. marcescens. Each point
indicates the mean number if nodules found in each
insect (n = 8 individuals), and the error bars represent ±
SEM. Means annotated with the same letter are not
significantly different from each other (LSD, P ≤ 0.01).

Number of nodules

70

a

60
50
b
40
30
20

120
a

0

Number of nodules

100
80
b

60
b

bd

40
cd
c

20
0

c

10

EtOH Dex

Phe

cd
c

Esc Ibu Indo Nap
Treatments

0

0.52
5.2
Ibuprofen (μ g/adult)

52

Figure 4. Dose-response curve for effects of ibuprofen on nodule
formation. E. integriceps adults were first injected with
indicated doses of ibuprofen and then infected with S.
marcescens. Nodulation was assessed at 2 hpi. Each point
indicates the mean number if nodules were found in
each insect (n = 8 individuals), and the error bars
represent ± SEM. Means annotated with the same letter
are not significantly different from each other (LSD, P ≤
0.01).

Pir

Figure 3. Effect of treating E. integriceps adults with individual
eicosanoid biosynthesis inhibitors on nodule formation
in response to infections with S. marcescens. Each point
indicates the mean number of nodules found in each
insect, and the error bars represent ± SEM. Histogram
bars with the same letter are not significantly different
from each other (LSD, P ≤ 0.01).

compared to the control (EtOH) sunn pest adults, the
nodulation response to bacterial infections was
significantly reduced in all experimental sunn pest
groups (LSD, P ≤ 0.01). There were no significant
differences among the effects of individual inhibitors
except for with ibuprofen and phenidone, which
exerted the greatest impact on nodulation (about 11
and 14 nodules/insect respectively).

Fatty acid rescue experiment
It is known that dexamethasone inhibits
eicosanoid biosynthesis through its effect on PLA2. If
this is true, then injecting the eicosanoid-precursor
polyunsaturated fatty acid and arachidonic acid into
dexamethasone-treated infected adults should reverse
the effects of dexamethasone on nodulation. To test
this, the following procedure was adopted: after
injection with dexamethasone, adults were infected
with bacteria and then immediately treated with
arachidonic acid. To control for the influence of the
third injection on nodulation, an additional control
group of E. integriceps was injected with ethanol.
Figure 5 shows that the arachidonic acid treatments
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100
c
Number of nodules

80

a

60

40
b

b

20

0

EtOH+Bac Dex+Bac Dex+Bac+EtOH Dex+Bac+AA
Treatments

Figure 5. Eicosanoid-precursor fatty acids reverse the effect of
dexamethasone on nodulation. E. integriceps adults were
treated with ethanol (E+B) or dexamethasone (D+B)
and then intrahemocoelically infected with S.
marcescens. Immediately after infection, test insects were
treated with 5 μg of arachidonic acid (D+B+AA).
Control insects were treated with dexamethasone and
ethanol (D+B+E). At 2 h postinfection, the insects were
anesthetized on ice and nodulation was assessed. The
height of histogram bars represents the mean number
of nodules found in each insect and the error bars
represent 1 SEM. Histogram bars with the same letter
are not significantly different from each other (LSD, P ≤
0.01).

reversed the effects of dexamethasone on nodulation
(P ≤ 0.01). The ethanol-injected control E. integriceps
yielded about 69 nodules/adult and dexamethasonetreated E. integriceps about 22 nodules/adult, both in
line with expectation. The arachidonic acid-treated E.
integriceps produced about 83 nodules per adult, also
in line with expectation for control insects. The
second control group, injected with a second dose of
ethanol, yielded about 25 nodules/adult.
Discussion
In this paper, the results have supported the
hypothesis that eicosanoids also mediate nodule
formation in response to bacterial infections in the
sunn pest E. integriceps. Several points support this
conclusion. First, treating experimental sunn pests
with ibuprofen prior to infecting them with freezedried bacteria significantly reduced nodulation at all
points in the time course experiments. Second, the
higher dosage of the cyclooxygenase inhibitor,
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ibuprofen, lowers the level of the nodules, which
indicates an obviously negative correlation between
them. Third, 7 different eicosanoid biosynthesis
inhibitors significantly reduced nodulation when
compared to control treatments. Moreover, the
influence of dexamethasone on nodulation was
reversed by treating infected E. integriceps with
arachidonic acid, an eicosanoid precursor
polyunsaturated fatty acid. Hence, it was inferred
from these data that eicosanoids can also mediate the
E. integriceps nodulation response to bacterial
infections.
The results of the time course experiment showed
that treating the experimental sunn pest with
ibuprofen produced significantly fewer nodules than
the control sunn pest at all time points in the
experiment. I infer from this finding that inhibition
of eicosanoid biosynthesis influences the cellular
events involved in nodulation at an early stage of the
infection process, and continues to exert a negative
influence for a few hpi. The time course experiment
also indicates the upper limits of nodulation reactions
to the bacterial infections in the sunn pests. The time
course experiments show that adults produce a
maximum of about 80 nodules/adult each time, which
is in line with the outcomes of similar experiments
with other adults of hemimetabolous insect species
(23,28). On the other hand, the larvae of several
Lepidoptera
produced
about
80-120
nodules/individual over 6 h after infections with the
same number of bacterial cells. Tobacco hornworms,
M. sexta, produced about 120 nodules/individual (7);
silkworms, B. mori, produced about 80
nodules/individual (10). Similarly, honey bees, Apis
mellifera, produced about 130 nodules/individual over
4 h PI. (33). The number of nodules produced by the
sunn pest is obviously lower than that seen in
holometabolous insect larvae of and in one
holometabolous insect adult (7,10,33).
Howard et al. (34) suggested that differences in
nodulation intensity might be due to differences in
circulating hemocyte populations. In their work with
tobacco hornworms and Z. atratus larvae, they
recorded numbers of nodules formed in reaction to
similar bacterial challenges as a function of insect size,
weight, and age. These experiments showed that
nodulation was not influenced by these 3 parameters.
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Noting that insects tend to maintain fairly similar
concentrations of circulating hemocytes (about 4 to 6
× 106 cell/mL hemolymph), those insect species with
copious amounts of hemolymph, such as tobacco
hornworms, would have far larger absolute numbers
of circulating hemocytes (34). Howard et al. (34)
speculated that if circulating hemocyte population
sizes account for differences in nodulation capacity it
should not be surprising to record considerable
differences among insect species in nodulation
responses to similar infection challenges.

The results with seven different inhibitors are
subject to a slightly more subtle interpretation.
Indomethacin is a cyclooxygenase inhibitor; however,
it inhibits mammalian cyclooxygenases in slightly
different ways (40). Moreover, phenidone is a dual
lipoxygenase/cyclooxygenase inhibitor. Again, this
compound acts in a slightly different way from the
other cyclooxygenase inhibitors (41). Hence, the
observation that these compounds yielded similar
results indicates that they act through a common
mechanism, specifically, inhibition of cyclooxygenase.

Eicosanoids have great significance for mammals;
eicosanoids mediate several pathophysiological events
in mammals, insects, and other invertebrates,
including influencing ion transport and mediating
cellular defense mechanisms (2). Recently, Stanley et
al. (35) showed that prostaglandins also modulate
gene expression in an insect cell line. They indicated
that Prostaglandins A1 and E1 influence gene
expression of the cell line (BCIRL-HzAM1 cells) of
pupal ovarian tissue of the moth Helicoverpa zea (35).
Therefore, many different inhibitors of eicosanoid
biosynthesis are available. Some, such as aspirin and
ibuprofen, are available as analgesic drugs for relief of
minor pains, while many others are available to
researchers, and are not approved for use in humans
(36,37). These compounds, referred to as "eicosanoid
biosynthesis inhibitors", exert different actions in
cellular eicosanoid biosynthesis (38). For example,
dexamethasone inhibits PLA2. Dexamethasone exerts
other actions including influence on gene expression.
Several
compounds
specifically
inhibit
cyclooxygenase, the first step in prostaglandin
biosynthesis (39). The experiments with different
inhibitors showed that all 7 compounds tested
resulted in similar reductions in nodulation. The
observation that separate experiments with different
inhibitors of eicosanoid biosynthetic pathways
similarly retarded nodulation in adults of the sunn
pest indicates that eicosanoids act in nodule
formation. This makes sense because nodulation
results from complex cellular physiology, which
involves many separate cellular actions. Inhibiting one
or more of the eicosanoid-mediated steps may impact
the overall nodulation process. Interpretations of the
experiment results suggest that prostaglandins and
various lipoxygenase products mediate various, still
unknown, steps in nodulation.

The influence of the ibuprofen dosage on
nodulation reactions to bacterial challenges was also
considered. A dose-response relationship is basic to
physiological research, and the approximately linear
negative relationship that was obtained for ibuprofen
strongly supports the idea that eicosanoids are one of
the charged molecules in nodulation reactions to
bacterial infections for E. integriceps. Similarly, the
approximate linear relationship between the inhibitor
dosages and decreasing nodulation to the bacterium
Serratia marcescens was noted (42).
Several background control experiments were
designed for eliminating nodulation from physical
damage or dissolving for injection. The background
control experiments indicate that the recorded
nodules were due to the experimental treatments, and
not to adventitious infections. The sunn pests taken
directly from the field had very low backgrounds of
nodulation. The injection treatments, similarly, did
not influence the low background of nodulation. It
was noted that experiments with ethanol yielded
similar numbers of nodules with other insect species
(7,16,23). On the other hand, my control experiments
with ethanol yielded lower numbers of nodules than
those recorded with Ostrinia nubilalis and
Leptinotarsa decemlineata (13,17); however, the key
point is that the drug vehicle did not, in itself,
diminish the sunn pests’ ability to form nodules.
Therefore, the experimental protocols allow for a
physiological interpretation of the data: inhibition of
eicosanoid biosynthesis impairs the sunn pests’
immunity.
Outcomes of the rescue experiments strongly
indicated that eicosanoids mediate nodulation in E.
integriceps. Dexamethasone is an inhibitor of PLA2,
the enzyme responsible for releasing arachidonic acid
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from cellular phospholipids. This is the first and ratelimiting step in eicosanoid biosynthesis. In this case,
dexamethasone inhibits eicosanoid biosynthesis by
inhibiting the release of the substrate from cellular
phospholipids, which in effect withholds the substrate
from cyclooxygenase and other eicosanoid
biosynthesizing enzymes. If this is so, then providing
free, that is unesterified, arachidonic acid to the
immunity-conferring cells within the E. integriceps
would be expected to reverse the influence of
dexamethasone on nodulation. Indeed, the
arachidonic acid treatments restored the E. integriceps'
ability to produce nodules in response to bacterial
infections. It was concluded that results of this
experiment strongly support the hypothesis.

eicosanoids mediate nodulation reaction to bacterial
infection in E. integriceps adults in the order
Hemiptera. Therefore, the significance of the
information reported in this paper is nodulation
induced by bacteria in Hemiptera.
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